Abstract Purpose: Comparison of pregnancy rates in cases of Secretory Azoospermias (SA), Obstructive Azoospermias (OA) and severe Oligoasthenoteratozoospermias (OATZ). Evaluation of sperm motility as a quality criterion.
Introduction
At present, ICSI is the technique used in severe male factor cases, both severe Oligoasthenoteratozoospermias (OATZ) and Azoospermias. However, fertilization and pregnancy rates are lower in Secretory Azoospermias (SA), where severe testicular failure patients are included [1, 2] , than in Obstructive Azoospermias (OA).
In spite of different gametic maturation levels and other sperm characteristics, according to pathology and reproductive tract level where spermatozoa are obtained, the criterion used to evaluate their normality in cryopreservation and ICSI is usually sperm motility [3, 4] . Although this criterion was first established for semen samples which were used in conventional IVF [5, 6] or in Artificial Insemination (AI) [7, 8] , techniques in which sperm motility is essential. However, motility does not necessary involve sperm normality [9] . In fact, certain immotility cases do not necessarily involve fertilization failure, at least by ICSI [10] [11] [12] .
So, the aim of this study is to compare the results obtained from the different male pathologies evaluated by pregnancy rates and to analyse and validate the motility criteria in sperm samples depending on pathology, condition (fresh/frozen) and the tract level where they are obtained.
Materials and methods
Data were analysed from patients included in the Human Assisted Reproduction Programme of La Fe University Hospital of Valencia from January 2000 to December 2003. The OATZ and azoospermia diagnoses were the inclusion criteria in this study. 35 of the 332 diagnosed azoospermias were defined as Secretory Azoospermias (SA). This group includes severe secretory azoospermias (FSH ≥30 miliUI/ml), sperm maturation arrest, Sertoli cell-only syndrome, sclerosis, and tubular atrophy cases. Patients with Klinefelter syndrome were not included.
The other 297 were Obstructive Azoospermias (OA). Patients with obstruction due to agenesia, aplasia, infection, trauma and vasectomy were included in this group. Sperm samples were obtained by testicular biopsy in SA cases (for details see below). 9 of the 35 SA which presented at least 1 motile spermatozoon per field were frozen (see below). All of them were thawed and used for intracytoplasmic sperm injection during the studied period.
Percutaneous punction and epididymal aspiration were performed in OA (91 cases). If it was not possible or there were no motile spermatozoa, testicular biopsy was performed (206 cases). Testicular or epididymal samples with at least 1 motile spermatozoon per field were frozen for their ulterior microinjection.
In the OATZ group, 596 semen samples were included. Of these, 587 were fresh ejaculates and only 9 were ejaculates previously cryopreserved.
When motile sperm were not observed in the ejaculate, or after thawing of samples for subsequent microinjection, cycle cancellation or the use of donor sperm were advised. Obviously, these cases were not included in the present study. However, in the case of patients disagreement, immotile sperm from ejaculate, epididymis or testicle were microinjected.
Treatment testicular biopsy
Local anaesthesia of spermatic cord was achived with 10 ml of 2% lidocaine clorhidrato solution (Lidocaina Inyectable Braun 2%, B. Braun Medical SA). After a few minutes, a skin weal was raised in the scrotum adjacent to the middle region of the testis, a 1 cm transverse incision was made and the tunica vaginalis space entered. Three incisions of 0.5 cm each then enabled excision of 9 small pieces (3 each) of the seminiferous tubules. A preliminary sample microscopic check at the end of each biopsy avoided unnecessary tissue sampling. After careful cleaning and haemostasis, the tunica albuginea, the vaginal, the scrotum layers and the skin were closed. The procedure took about 20-30 min and was performed entirely on an outpatient basis, enabling a rapid recovery with minimal complaints and total absence of surgical complications.
Preparation of samples
In TB cases, testicular tissue fragments removed were dislacerated using two scalpel blades in buffered medium (FM, Medicult, Jyllinge, Denmark, N
• Cat. 10840500). Presence and sperm motility were evaluated using inverted phasecontrast microscope. In AE cases, presence and sperm motility were evaluated after their removal using inverted phasecontrast microscope.
Finally, in the case of fresh ejaculates, samples were allowed to liquefy for 30-40 min. at room temperature prior to analysis. Sperm count and sperm motility were evaluated. Semen samples were concentrated by centrifugation at 1500-3000 g for 5 min. The supernatant was removed and the pellet resuspended in 50-100 µl of IVF (Medicult, Jyllinge, Denmark, N
• Cat.10310125). Observation of at least 1 motile spermatozoon was evaluated.
Freezing/Thawing
Sperm samples (TB, EA and ejaculates) were diluted 1:1 in Test Yolk Buffer (Irvine Scientific, Santa Ana, CA, USA, N • Cat. 90128) and stored in 2 mL cryotubes (Irvine Scientific, Santa Ana, CA, USA, N
• Cat. 368632-1). Samples were kept at room temperature for 20 min. at 4
• C for 20 min. then in nitrogen vapour for 20 min. and were finally immersed and stored in liquid nitrogen.
Samples were thawed, keeping (them) at room temperature. The cryoprotectant was removed by several centrifugations and the final pellet was resuspended in 50-100 µl of IVF.
Intracytoplasmic sperm injection, embryo culture and embryo transfer were carried out according to standard clinical procedures.
Pregnancy test was carried out by seric β-hCG determination after 12 days of embryo transfer. If the test was positive, pregnancy was confirmed by transvaginal ultrasound after 2 weeks.
Statistical analysis
Sperm recovery rates, sperm motility before and after thawing, and pregnancy rates were analysed in different seminal pathologies (SA, OA, OATZ) and sperm samples (TB, EA, Ejaculate).
Results were analysed by Chi-Square test. 
Results
A. Secretory azoospermias: Sperm parameters in secretory azoospermias and pregnancies obtained using postthawing spermatozoa are presented in the Table 1 . It may be highlighted that only in 15 of 35 testicular biopsies, spermatozoa were obtained. Motile sperm were found in 9 of the 15 cases and they were motile after thawing only in 6 cases. Both the 6 motile samples and the 3 immotile samples were used in ICSI, obtaining 1 pregnancy in each case (1/6 and 1/3). So, two pregnancies were obtained in 9 ICSI cycles (Table 1 ). B. Obstructive Azoospermias: In these cases, sperm was attempted to be obtained firstly from epididymis and from testicle as a final option. This fact allows to evaluate possible differences according to sperm origin, with regard to sperm parameters and pregnancy rates, which are presented in Table 2 . Sperm recovery rate according to intervention (Testicular Biopsy: TB; Epididymal Aspiration: EA) did not present significant differences, although it was slightly higher in TB. However, there are significant differences in motile sperm recovery rates between testicular biopsy (91.2%) and epididymal aspiration (76.9%) groups. Significant differences were not observed in sperm motility after thawing, depending on sperm origin, even though they seemed to be in favour of TB (TB: 96.7%; EA: 92%). Ongoing pregnancy rate obtained using motile sperm after thawing was lower in EA group, but these differences did not reach levels of significance (TB: 33.3%; EA: 26,1%). Two pregnancies were achieved using immotile testicular sperm after thawing (2/3), but no pregnancy was achieved with immotile epididymal sperm after thawing (0/2) ( Table 2 ). C. Severe oligoasthenoteratozoospermias (count ≤1 × 10 6 spz/mL): In OATZ cases, sperm cryopreservation is an usual practice, due to the possible absence of spermatozoa in the ejaculate the day of microinjection. However, as it is shown in Table 3 , in the vast majority of cases fresh sperm samples can finally be used (98.5%, 578/587), with pregnancy rates of 35.3% (204/578). Motile fresh, immotile fresh and frozen-thawed sperm samples were used in OATZ cases, but only in 9 cases (9/587) inmmotile sperm were microinjected, but the only initiated pregnancy was miscarried. ICSI was performed using thawing motile sperm when fresh sperm were not available that day (9/250), but only one pregnancy was achieved (1/9).The low pregnancy rate obtained with thawed sperm and the low number of samples that finally were necessarily thawed, advise us, facing future, to be more restrictive in the storage of this type of samples (Table 3) .
Discussion
It has to be outlined that 89% of azoospermias considered were obstructive against secretory azoospermias. Regarding SA, only two pregnancies were achieved of the 35 cases included in the study. One of them was obtained using post thawing immotile sperm. According to the standard protocol, only sperm that were immediately motile after testicular biopsy were frozen. The use of motility as a criterion to evaluate sperm viability after thawing is not advised in SA cases, because pregnancies were obtained using immotile sperm samples after thawing. On the other hand, sperm motility criterion should not be used in fresh SA samples, where, in contrast with OA samples, the culture of immotile sperm does not involve further motility [13] . Fertilization and pregnancy rates using motile testicular sperm from SA males are very low, as were those obtained by Vernaeve et al. (2003b) [14] . In SA males, sperm aneuploidy rates are higher [2, 14] . Furthermore, genomic imprinting could be altered [15] , and abnormal male pronuclei decondensation can be shown [16] . Therefore, all these factors recommend the issue of genetic testing (including Y-chromosome delections) and other predictive markers on outcomes, almost in such cases (SA). Unfortunately, the high cost of these probes prevents their routinely application, at least in public hospitals, like our case. Moreover extended in vitro culture could alter epigenetic control of impinting during embryogenesis [17] . So, the low pregnancy rates obtained in SA cases in our work and the higher risk of newborns with malformations [2, 18] recommend the use of donor sperm in these cases. Moreover, the average number of ovarian stimulation cycles needed in women will be double that in IVF cases using donor sperm.
In OA cases, the higher frequency of motile sperm recovery at testicular level versus epididymal level (90% vs 76%) recommends the direct obtaining of sperm from testicle. Furthermore, there are other advantages, being fast, easy and cheap [19] . This low frequency of samples with motile sperm from epididymal level may be due to post-epididymal obstructions effects [20] . Under normal conditions, epididymal fluid protects sperm from degenerative changes. However, in chronic obstructions, this mechanism is modified and the motility pattern is inverted [21] [22] [23] . Testicular sperm quality in OA cases is similar to normal males. This suggests that damage is produced in the epididymis after sperm are produced in the testicle [24] . In fact, the use of immotile sperm from epididymis and from ejaculates leads to fertilization and pregnancy rates lower than testicular sperm from the same patients, even if they are immotile [10, 25, 26] . Also, the slightly higher pregnancy rates obtained when spermatozoa from testicular biopsy, motile after thawing, are used, validate this recommendation, as it is also validated by the fact that pregnancies were achieved using post-thawing immotile spermatozoa from testicle, but not when post-thawing immotile spermatozoa from epididymis were used.
So, these latter results show that the motility criterion seems to be a more recommendable method to evaluate epididymal samples, but not testicular samples in this type of pathology. On the other hand, the differential freezing response may be indicative of a lower sperm quality of epididymal spermatozoa, even if they innitialy show motility.
In vitro culture of testicular sperm before ICSI makes it possible that, in most cases, they show motility after 3-5 h [27] . However, there is evidence in the literature that prolonged incubation to acquire motility has adverse effects on sperm viability, DNA ultrastructure and ROS production [28] [29] [30] 31] . It must be taken into account, when they were frozen, that the culture before and after cryopreservation aged spermatozoa [13] . In our case, unlike Park et al (2003) [27] , motile sperm were found in 95% of biopsies performed.
So, all these results support the proposal that, in OA cases, spermatozoa should be obtainned directly from testicle.
In our Reproduction Unit, pregnancy rates obtained using sperm from either oligoasthenoteratozoospermic or normozoospermic males were similar, and were also similar to those obtained by other authors [32] [33] [34] [35] as long as immotile sperm from fresh ejaculates were not microinjected. In that case, no successful pregnancies were achieved. So, the intracytoplasmic sperm injection with immotile sperm is inadvisable in OATZ cases.
In conclusion, the results obtained in OA cases point out that the application of motility criterion at testicular level before sperm cryopreservation should be reconsidered. In addition, application of this criterion should also be reconsidered after thawing in OA and SA cases.
